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ABSTRACT : 

PURPOSE : To enhance a withstand voltage and to reduce a leakage current 
by ion implanting to the center of a field region as the pretreating step 
of oxidizing a field to form a deep oxide film. 

CONSTITUTION: An SiO-:SB>2-/SB> film 2 and further an 
Si<SB>3</SB:-N-:SB>4</SB> film 3 are formed on a silicon substrate 1, a 
resist pattern is masked, only the film 3 is removed to expose the 
SiO<SB>2</SB> film 2a. Then, the center 2b of the exposed film 2 remains, 
a photoresist mask 4 is formed on the entire substrate, and ion implanted 
as designated by 5. The implanted Si ions form an implanting 
defect 6. Thereafter, the mask 4 is separate, the mask 3a is used, and a 
field, oxide film 7 is formed by wet oxidizing. The center ion 
implanted as designated by 5 is further deeply oxidized to form the film 
7 deepened only at the center 7a. The defect 6 repeats vanishing, 
combining and condensing in the oxidizing step, and getters a lattice 
defect in the pattern edge of the field oxide film. The film 3a 
is eventually removed. 
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Specifications 

1. Name of Invention: Method of Forming Field oxide Film 

2. Scope of Patent Application 

1. A method of forming a field oxide film in a semiconduc- 
tor device that includes — 



2 

. . a process to form a silicon film and a nitride film 
sequentially on a silicon semiconductor substrate, 

. , a process to remove part of the said nitride film on the 
substrate's upper part that will be the field region so as 
to expose the said oxide film and leave the rest of the said 
nitride film as a mask for the selective oxidizing, 

. . a process to [verb unclear] the above-noted exposed oxide 
film, implant ions of silicon, oxygen, or argon, only at the 
center of the above substrate's field region and form 
implant defects in the said central area, and 

. . a proces3 to selectively oxidize the substrate' s field 
region by using the above nitride mask/ thus forming a 
thickened field oxide film in the said central area while 
gettering at the above Implant-defect sites the lattice 
defects generated near the edges of the said field oxide 
film. 

3. Detailed Explanation of Invention 

Invention's Technical Area: This invention bears on a 
method of forming a field oxide film in a semiconductor 
device, and specifically boar 3 on a method of improved 
selective oxidation of field oxide film by the addition of a 
pre-treatment process of forming a gettered defect region 
before oxidizing. 

Invention's Technical Context: Usually/ the method of 
forming field oxide film by selective oxidation (LOCOS) is 
done as indicated below. This will be explained while 
referring to process diagrams Figures 2A(a)~(d). 

First, as in Figure 2(a), one forms silicon dioxide film 2 
about 100A thick on silicon substrate 1 by dry-etching, and 
then forms 600~300oA of silicon nitride film 3 on the above 
film 2 by CVD (chemical vapor deposition) . 

Next one uses lithographic techniques to form a resist 
pattern on film 3 that makes an opening corresponding to a 
field region and, as in Fig. 2(b), etches away the silicon 
nitride/silicon oxide films on the upper part of the field 
region and does field patterning with the silicon nitxide 
and silicon oxide remaining as a mask for selective 
oxidation. 

Then, as in Fig. 2(c), with the remaining silicon nitride 
film 3a and silicon dioxide film 2a as a mask, one uses wet 
oxidation to form a lyuu field oxide film on the field xegion 
of the substrate. 



Then finally, as shown in Fig.2(d), one removes masks 3a and 
2a to complete an element-separation film. Thus forming the 
element on part of the substrate after removal of the mask 
completes the semiconductor device. 

Problems with Current Technology: with the above-noted 
usual selective-oxidation method, thermal stress is created 
by differences in thermal expansion rates between the 
silicon substrate and field oxidized film (Si0 2 film) , 
especially at the border interfaces (pattern edges) of the 
field oxide film, if such interface stress becomes very 
high due to such things as the field oxide film's dielectric 
strength, it becomes the source of dielectric-layer nraeks, 
abnormal phenomena during patterning when diffusing impuri- 
ties and other abnormalities during electrode formation and 
etching. 

Again, differences in thermal expansion rates between the 
silxcon substrate and the field oxidized film causes stress 
on the substrate or results in defects and dislocations 
arising in the substrate, so that the element's reliability 
drops off, and in particular warping due to heat cycles and 
the resulting deterioration leads to leaked current at 
junctions and increased leaked current at pattern edges — all 
Of this causing a lower throughput. 

Aim of Invention: The aim of this invention is to provide a 
method of forming a field oxide film that can use ion 
implanting in the field region's central area as a pre- 
treatment process in field-oxidation in order to raise the 
dielectric strength of a thick oxide film formed as a 
dielectric film and can apply gettering of defect regions 
generated in ion-implanted areas at the pattern edge in 
order to lessen leaked currents. 

Outline of Invention: This invention ig one created to 
achieve the above-stated aim. That is, after removing 
silicon nitride film from the upper part of the substrate's 
field region to expose the silicon dioxide film there, one 
opens up just the central part of the substrate's field 
region and forms a resist pattern by lithographic techniques 
to enable ion implanting. Next one uses the resist pattern 
as a mask in ion implanting silicon, oxygen or argon to form 
an implant-defect area to a prescribed depth at the center 
of the field region. One goes on to use selective oxidation 
to do implant-defect-area gettering of lattice defects that 
are especially generated at the pattern edges of the field 
oxide film; and by forming a field oxide film of a shape 
deeply penetrating the substrate by the selective oxidation 
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proceeding in the said center area, element-separation 
traits become possible that have dielectric strength and 
little current leakage. 

Examples of Applying Invention 

In the following, we will concretely explain one example of 
applying this invention' 3 methods, while referring to the 
process diagrams of Figures 1(a) -(d). Each of the Figure 1 
diagrams is a cross section of the element. 

First, as in Figure 1(a), we used dry-oxidation to form 
500A-thick silicon dioxide film 2 on a silicon substrate 
snd also used CVD to form lOOoA-thick silicon nitride film 
3 on silicon dioxide film 2. This process is identical to 
those using the usual selective oxidizing methods. 

Next, with a resist pattern as a mask (not shown in figure) , 
we used plasma etching to remove just the silicon nitride 
film in the substrate' s upper field region and so exposed 
silicon dioxide film 2a in the field region, as shown in 
Figure 1 (b) . Here the process differs from the usual method 
in that we left silicon dioxide film 2 on the field region 
to make a protective film that would prevent contamination 
of the substrate. 

After that, in Figure 1(b), we left center area 2b of the 
exposed silicon dioxide film 2 on the field region and 
formed a photo- resist (KTFR) implanting mask 4 on the entire 
substrate surface. Then we did ion-implant S, using implant 
mask 4, at the center of the silicon substrate's field 
region, implanting silicon ions at an acceleration voltage 
of 180keV and density of 2xl0 16 /cm 2 . The silicon ions im- 
planted penetrated silicon dioxide film 2b to form implant 
defect 6 to a depth of 1000A in silicon substrate 1. 

Then, as in Figure 1(c) i we peeled off implant mask 4 and, 
using silicon nitride film 3a as a mask, did wet oxidation 
at 1100°C for two hours to form field oxide film 7 1.2ptm 
thick. The field region center with its ion- implant 5 
proceeds to get a 0 . 5,um oxide film and — as distinct from the 
usual oxidized field film — that forms oxide field film 7 
with only its central area 7a thickened. In the course of 
this oxidation, implant defect 6 undergoes repeated 
reducing, combining and solidifying, while the lattice 
defects at the pattern edge of the oxidized field" film 
undergo get te ring. 
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Finally, as shown in Figure 1(d), we remove silicon nitride 
film 3a used as a selective-oxidizing mask and so complete 
field oxide film 7 . 

Effects of" Invention 

With this invention's method of forming a field oxide film, 
one gets, first of all, a semiconductor device wherein the 
leaked voltage has been reduced at the field oxide film's 
pattern edges. Having completed the Figure 1(d) field oxide 
film, we removed the silicon nitride film and formed an n + 
trough [?? Text unclear — Translator] p-type element-forming 
region and measured the leaked current values of many n + ~p 
junctions to find their frequency (Figure 3[a]), and we 
compared those to similar measurements on field oxide films 
from the usual processing. (Figure 3[b]) 

As one learns from comparing frequencies in Figure 3(a) from 
this invention's methods to frequencies in Figure 3(b) from 
the usual methods, this invention yields nearly one third 
the leaked current. That is a phenomenon of having used 
gcttcring to reduce lattice defects at pattern edges, tlie 
cause of leaked current arising. 

Secondly, by measuring interjunction dielectric strength, we 
found that from this invention was 35V, while that from 
usual methods was 23V, showing that it gave good insulating 
and separating traits. Obtaining a field oxide film with 
such high dielectric strength also means increasing one's 
freedom in designing element separation. 

Siirple Explanation of Figures 

Figures l(a)~(d) are diagrams of element cross sections 
illustrating the method of forming this invention's field 
oxide film. 

Figures 2 (a) -(d) are diagrams of element cross sections 
illustrating the usual method of forming field oxide film. 

Figures 3 (a) -(b) are graphs showing this invention's 
effects . 

1 ... Silicon substrate 5 ... Ion implantation 

2 ... Oxide film 6 ... Implant defect 

3 ... Nitride film 1 , . . Field oxide film 
3a ... Nitride film mask 7a . . . Central area of 

(from selective field oxide film 
oxidation 
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